To determine the clinical factors associated with delayed protease inhibitor initiation.
I
n clinical studies, suppression of HIV viral load reduces progression to AIDS. 1, 2 Combination therapy with protease inhibitors can halt viral replication within days, leading rapidly to unmeasurable serum viral load 3 and decreased lymphoid viral replication. 4 Such findings support early and aggressive treatment of HIV infection. In mid-1996, an international panel of experts recommended beginning combination antiviral therapy for all patients with HIV viral loads greater than 5,000 to 10,000 copies/ml, regardless of CD4 cell count. The panel also recommended therapy for patients with symptomatic HIV disease or CD4 cell counts below 500. 5, 6 Consistent adherence to therapy prevents the development of resistant virus. 7, 8 Barriers to rapid use of protease inhibitors in office practice are largely unknown. We examined factors associated with delays in protease inhibitor use for patients with elevated viral loads.
METHODS

Study Population
We conducted detailed chart reviews of all patients with HIV treated at a general internal medicine practice at Beth Israel Deaconess Medical Center. The approximately 30 faculty, 100 house officers, and 10 nurse practitioners at the practice provide more than 50,000 patient visits annually to general medicine patients. Medical records are completely computerized, including all notes, laboratory reports, and medication and problem lists. 9 Approximately 30% of patients have Medicaid or receive free care from the hospital when they meet income criteria. Infectious disease specialists consult within the practice. 10 In December 1996, we identified all patients with known HIV infection. We found 289 patients whom we considered "active" (defined as having visited the practice within 18 months prior to December 1996 and having no evidence of transfer of care out of the practice). We excluded 14 hospital employees to protect their confidentiality and performed detailed, structured chart reviews on records for the remaining 275 patients. Of these, 190 patients were found to have at least one viral load above 10,000 copies/ml and are the focus of this report. Of the 190 patients with elevated viral load, 129 (68%) completed a separate telephone survey that provided additional demographic data. 11 The Beth Israel Deaconess Medical Center Committee on Clinical Investigations approved the consent process and study design.
Data Collection
Chart Review. Using a structured instrument, we abstracted clinical data from computerized medical records for all 275 active patients for a 2-year period (July 1, 1995, through June 30, 1997). One of the investigators (KMF) performed 175 of the chart reviews. The remaining 100 charts were reviewed by two trained physician chart reviewers, and 10% of these charts were also reviewed by a study investigator (KMF). In addition, all dates of protease inhibitor initiation and viral loads were confirmed for all patients by a study investigator (KMF). An error rate of less than 2% was observed. The reviews included demographic information (age, sex, HIV risk factors, and health insurance), CD4 cell counts, viral load measurements with dates, HIV-related complications, hospital admissions, primary care visits and visits to infectious disease clinic with dates, and names of all prescription medications. We noted start and stop dates for protease inhibitors, as well as patient refusals of protease inhibitors. We also collected history of anxiety, depression, and injection drug use. History of depression or anxiety was recorded as being present if it appeared in either the problem list or progress notes during the study period. Injection drug use was recorded when reported in either the problem list or progress notes at any time in the past. Active injection drug use was identified when either relapse or discussion of active use was present in the problem list or progress notes during the 2-year study period.
Information about clinicians included level of training (faculty vs resident) and number of HIV patients at the start of the study period. We viewed physicians as lowvolume HIV providers if they had fewer than four patients with HIV in their practice during the 2-year study period. We chose this cutoff because the distribution of patient volume for our providers during this period was such that providers generally cared for few (e.g., one to three) or many more patients with HIV.
Telephone Survey. We surveyed all patients who agreed to telephone interviews between April 22 and June 30, 1997. Prior to beginning, patients gave verbal informed consent to be interviewed. The mean interview length was 22 minutes. The interview queried patients about demographic characteristics (education, self-described race, current employment status, and income) and details about use of complementary or alternative therapies. 11 
Statistical Analyses
We used descriptive statistics (SAS statistical software, SAS Institute, Cary, NC) to characterize our study population. Our outcome of interest in the remaining analyses was time (in days) to protease inhibitor initiation following first detection of an elevated viral load ( Ͼ 10,000 copies/ ml). Patients who did not receive protease inhibitors during the study period contributed person-time until they were censored at the end of follow-up. The CD4 cell counts used were those measured most recently before detecting the first elevated viral load. Categorical terms for CD4 cell counts best fit the data based on strength of the parameter estimates and because of the nonlinear relation between the logarithm of the hazard and CD4 cell count. Because of a concern that protease inhibitor therapy might be delayed pending consultation with infectious disease specialists, we included a term for this in our models. Infectious disease consultation was modeled as a time-varying covariate, allowing its value to change during calendar time of the study. A variable representing history of injection drug use at any time was used in modeling (active use was rare and not modeled). We used a base-10 logarithmic transformation of viral load based on the distribution of this variable and to improve interpretability.
Using univariate Cox proportional hazards modeling, we identified significant predictors of time to protease inhibitor initiation. We selected the best multivariate model by fitting a Cox model using forward stepwise selection, eliminating previously selected variables with the smallest nonsignificant partial F statistic. 12 Variables that were initially eliminated were examined again as potential confounders using a change in the parameter estimate of 10% as criterion for confounding. 13 We searched for, but did not find, interactions between depression, anxiety, or injection drug use and either sex or AIDS. Similarly, we did not find interactions between any of the statistically significant variables from the univariate analyses. Obviously collinear terms were not included together in models, including any combination of CD4 cell count less than 200, history of pneumocystis pneumonia, and AIDS diagnosis. We did not find evidence for collinearity between other terms.
The final model included all significant variables and a term for calendar date of first elevated viral load to adjust for secular trends in protease inhibitor use. We report the inverse of the hazard ratios (HRs) such that increasing hazard is associated with delayed protease inhibitor therapy, with 95% confidence intervals (CIs) and p values. To check for proportionality of hazards, we examined time-varying covariates for those variables in our final model. No covariates had statistically significant terms for nonproportionality. We estimated unadjusted median days to protease inhibitor initiation using the Kaplan-Meier product limit for each covariate in the final Cox model.
To check for effects of availability (commercial or clinical trials) of protease inhibitors over the study period and the dissemination of practice guidelines, we ran the above analyses two more times. First, we included only cases with a first elevated viral load after January 1, 1996 (when the FDA approved the first protease inhibitor). In another set of models, we included only cases with a first elevated viral load after July 1, 1996 (first guidelines for protease inhibitors released). 5 To determine whether patients with a history of depression or injection drug use were more likely to refuse protease inhibitors, we used 2 tests. To determine whether patients with higher CD4 cell count, depression, or injection drug use histories may have been receiving nonnucleoside reverse transcriptase inhibitors instead of protease inhibitors, we modeled use of these drugs using logistic regression. We carried out both univariate models and models adjusted for CD4 cell count (in the case of depression or injection drug use), pneumocystis history, viral load, and time period.
Patients who completed the telephone survey were included in a subgroup analysis. Respondents and nonrespondents were compared using 2 tests. We examined effects of self-described race, income, education, and employment status using the same univariate technique as above. We then entered each term individually (using the same final model form and covariates as from the full analysis) to check for multivariate statistical significance or evidence of confounding. We also examined the impact of other covariates in multivariate models for this subgroup but ultimately kept the same final model.
RESULTS
As stated, 190 of 275 clinically active, HIV-seropositive patients had at least one elevated viral load. Of the 85 patients without an elevated viral load, 12 never had viral load levels checked during the study period. Of these, six had not been seen in the previous year; of the other six, three had CD4 cell counts less than 500.
The median age of the 190 patients was 39 years; 87% were male (Table 1) . Unprotected male homosexual contact was the most common HIV risk factor (78%). Although 12% had a history of injection drug use, only three patients were active users during the study period. Fifty-four percent had a CD4 cell count less than 200 before their first elevated viral load, and 53% had a diagnosis of depression.
Of the 190 patients, 130 were prescribed protease inhibitors during the study period, and 60 contributed persontime in the analysis until the end of follow-up. Table 2 shows unadjusted HRs for time to protease inhibitor initiation from the univariate analyses using the entire 2 years of follow-up. Higher CD4 cell counts and history of injection drug use were associated with delays in initiating protease inhibitor therapy. More rapid initiation was associated with history of an AIDS-defining diagnosis, history of pneumocystis pneumonia, higher viral loads, and more frequent viral load checks and clinic visits. Other specific AIDS-defining diagnoses, other HIV risk factors, and history of anxiety were not significant in univariate analyses. Sixteen patients refused protease inhibitor therapy. These refusals were not significantly associated with history of injection drug use or depression. Neither low physician volume of patients with HIV nor faculty status was associated significantly with delay in protease inhibitor use. Table 3 shows the final multivariate Cox proportional hazards model for time to protease inhibitor initiation. We adjusted for date of patient entry into the study to account for secular trends in protease inhibitor use during the study period. Higher CD4 cell counts were associated with delays in protease inhibitor initiation. In two more analyses using only the last 18 months or 12 months of follow-up, our results were similar to those reported in Table 3 (which included the full 2 years of followup). In analyses using logistic regression to predict any use of nonnucleoside reverse transcriptase inhibitors, we found that patients with depression (odds ratio [OR] 0.87; 95% CI 0.32, 2.39) or injection drug use (OR 0.91; 95% CI 0.22, 3.76) were no more likely to be on these medications during the study period. Patients with CD4 cell counts of 200 to 500 were no more likely to be on nonnucleoside reverse transcriptase inhibitors (OR 1.05; 95% CI 0.26, 4.25) when compared with those with CD4 below 200. Patients with CD4 cell counts above 500 were much less likely to be on any nonnucleoside reverse transcriptase inhibitors (OR 0.19; 95% CI 0.05, 0.76). cell counts of 200 to 500 had large absolute delays in protease inhibitor initiation when compared with patients with CD4 cell counts less than 200. Although we are unable to report an exact median number of days to protease initiation for patients with CD4 cell counts greater than 500 (owing to a large number of censored subjects), the median is at least 560 days. Similarly, patients with a history of injection drug use (IDU) and depression had large delays in protease inhibitor initiation when compared with patients without those factors. Those patients with a history of pneumocystis carinii pneumonia (PCP) were started on protease inhibitors more rapidly.
The subgroup of patients ( n ϭ 129) for whom more data were available from telephone surveys were similar to the nonrespondents according to age, sex, socioeconomic factors, baseline CD4 cell count, and viral load. The subgroup analysis showed no evidence of delays in protease inhibitor use by race, educational attainment, work status, or income. For nonwhites, the HR was 1.06 (95% CI 0.62, 1.82) and for those with at least some college education (vs none), the HR was 0.83 (95% CI 0.55, 1.28). For patients working full time, the HR was 1.12 (95% CI 0.71, 1.79), while for patients on disability, the HR was 0.88 (95% CI 0.53, 1.45). For patients with yearly incomes above $30,000, the HR was 1.28 (95% CI 0.76, 2.13). None of these findings was statistically significant.
DISCUSSION
We report significant and lengthy delays in protease inhibitor initiation for patients with higher CD4 cell counts or a history of depression or injection drug use. To our knowledge, we are the first to report delays due to these factors. As expected, higher viral load or history of pneumocystis pneumonia was associated with more rapid protease inhibitor initiation. Socioeconomic factors including race, educational attainment, work status, and income were not significantly related to delay of protease inhibitor initiation, although we had limited power to assess these factors.
Our findings have important implications. Although protease inhibitors were started promptly after the first viral load for most patients with AIDS-defining diagnoses, we found delays among patients with higher CD4 cell counts. Published guidelines recommend treatment for viral loads greater than 5,000 to 10,000 copies/ml regardless of CD4 cell count. 5, 6, 14 Delay in patients with higher CD4 cell counts may represent a knowledge deficit or reluctance to treat on the part of physicians or patients. However, the decision to initiate antiretroviral treatment when viral load is mildly elevated is a matter of clinical judgment in some situations. 14 Initiating protease inhibitors is an important clinical decision, particularly because treatment is lifelong, dosing regimens are difficult, adverse drug effects are common, and the therapies are not curative. For these reasons, some flexibility on the part of the clinician may be necessary and some delays may be clinically appropriate.
In our study population, the prevalence of depression was greater than 50% during the 2-year study period. Although we had fewer patients with injection drug use histories, this is a common HIV risk factor in the United States. 15 Thus, delays in prescribing protease inhibitors for patients with depression or prior injection drug use would be substantial if extrapolated to all persons with HIV and would permit longer periods of uninhibited viral replication. Recent studies demonstrate decreased morbidity and mortality associated with combination therapy with protease inhibitors for HIV infection. [16] [17] [18] No published data assess the effects of delays in starting protease inhibitors. Nonetheless, such delays could attenuate the observed survival benefit.
We are unaware of other studies of the relation between higher CD4 counts or depression and delays in protease inhibitor use. Palella et al. reported that injection drug users were less likely than others to receive protease inhibitor prescriptions, but they did not report effect estimates. They also found that patients with private health insurance were more likely to receive protease inhibitors. 16 Insurance type was not significant in our study, perhaps because Massachusetts provides access to drugs for the treatment of HIV infection for all patients without adequate insurance. Celentano et al. 19 and Strathdee et al. 20 found low rates of protease inhibitor therapy among injection drug users with HIV in Baltimore and British Columbia.
We did not find any significant association between physician experience with HIV care or level of training and delay of protease inhibitor use. Strathdee et al. reported lower rates of antiviral use in injection drug users by physicians with less HIV experience in a free HIV treatment program in British Columbia. 20 In our setting, the ready availability of infectious disease consultations and periodic teaching conferences about HIV care 10 may reduce practice differences related to an individual physician's volume of HIV patients.
Our study has several limitations. Its findings may not be generalizable beyond academic practices. We have limited information about patient preferences for antiviral therapy, which might affect therapeutic decisions. However, we found little evidence of antiviral therapy refusal, and no association between refusal and factors associated with delays. In addition, we did not find evidence that patients with higher CD4 cell count, depression, or injection drug use history were differentially prescribed nonnucleoside reverse transcriptase inhibitors in lieu of protease inhibitors. We have limited power to detect delays in protease inhibitor initiation related to level of physician training or HIV patient volume, but effect estimates from adjusted analyses were close to 1.0 for both these factors.
We used medical record reviews to determine history of depression or injection drug use, including active or past drug use, which may have underestimated the actual prevalence in our population. However, for our purposes (i.e., examining delays in protease inhibitor use), physicians' perceptions of whether the patient is depressed or has used injection drugs may be the pertinent consideration. We found a similar prevalence of depression to that reported by Mayne et al., 21 who determined that 58% of their HIV study population had significantly depressed affect at least once during their study. Although the 12% rate of injection drug use in our population is lower than the 1996-1997 U.S. rates of 23% for seropositive men and 33% for seropositive women, 15 we found HIV risk factors clearly documented in most initial visit notes. Therefore, our low injection drug use prevalence is most likely accurate.
